One thousand two hundred and fifty sexed day-old broiler chicks obtained from a commercial hatchery were divided randomly into five treatment groups (negative control, antibiotic and essential oil combination (EOC) at three levels) of 250 birds each. Each treatment group was further sub-divided into five replicates of 50 birds (25 male and 25 female) per replicate. The oil in the EOC was extracted from different herbs growing in Turkey. The EOC at 24, 48 or 72 mg/kg diet and an antibiotic at 10 mg avilamycin/kg diet were added to the basal diet. There were significant effects of dietary treatments on body weight, feed intake (except at day 42), feed conversion ratio and carcass yield at 21 and 42 days. Body weights were significantly different between the treatments. The birds fed the diet containing 48 mg essential oil/kg were the highest, followed by those receiving the diets containing 72 mg essential oil/kg, the antibiotic, the negative control and the 24 mg essential oil/kg at day 42, respectively. From 1 to 21 and 1 to 42 days of age, feed conversion ratios were improved significantly by the supplementation with 48 and 72 mg essential oil/kg diet. The feed intakes were significantly different between the treatments at 21 days, but not at 42 days. Supplementation in excess of 48 mg EOC/kg had no additional beneficial effect on body weight, feed intake, feed conversion ratio and carcass yield. The EOC, a feed additive of natural origin, may be considered as a potential growth promoter in broiler production.
Introduction
Broilers today grow much faster and reach higher market weights than ever before, not only because of the feed formulation which has had to keep up with genetic improvement, but also through improved management practices. Furthermore, growth promoting substances are assuming a position of prime importance in poultry. They are aimed primarily at the improving of the physical performance of poultry such as increasing body weight gains and improved feed conversion ratios in broiler production. Antibiotics have been used as growth promoting substance. However, the using of antibiotics as feed additives is risky due to, not only cross-resistance, but also to multiple resistance in pathogens (Bach Knudsen, 2001; Schwarz et al., 2001) . Therefore, antibiotics have been discredited by consumer associations as well as by scientists, e.g. the use of most antibiotic growth promoters has been banned by the European Union (EU). Consequently, the animal feed industry is under increasing consumer pressure to reduce the use of antibiotics as a feed additive and find substitutes for antibiotics in the diet (Hertrampf, 2001; Humphrey et al., 2002) . Many scientists have searched for alternatives to antibiotics (Langhout, 2000; Mellor, 2000; Wenk, 2000; Kamel, 2001) . A number of scientific studies has concentrated on the bactericidal and bacteriostatic aspects of various plants and plant extracts (Riebau et al., 1995; Riebau et al., 1997; Marino et al., 1999) . In 1943, Osborn reported more than 60 genera of plants that exhibit inhibitory properties toward the growth of either Escherichia coli or Staphylococcus aureus or both. Essential oils derived mainly from spices and herbs and their purified compounds have been shown to have antimicrobial actions in vitro (Cowan, 1999; Ultee et al., 2002; Faleiro et al., 2003) . Examples of such natural antimicrobial compounds are carvacrol, tymol, limonene and cineole that are present in the essential oil fractions of oregano, laurel, sage and myrtle (Riebau et al., 1997; Ultee et al., 2002) . Essential oils are commercially available and are used extensively in medicine and in the food and cosmetic industries. In addition to their antimicrobial activity, they possess biological activities such as that of antioxidants (Lopez-Bote et al., 1998; Botsoglou et al., 2002) and as hypocholesterolemics (Craig, 1999) . Moreover, scientists recently discovered that essential oils have a stimulating effect on animal digestive systems. They postulated that these effects could be due to the The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science, 2003, 33 (2) © South African Society for Animal Science 90 increased production of digestive enzymes and the improved utilization of digestive products through enhanced liver functions (Langhout, 2000; Williams & Losa, 2001) . Therefore, specific essential oils and combinations of them provide a totally new approach to improving feed digestion. The use of essential oils in animal production may, therefore, have a promising potential as growth promoters without the adverse effects of antibiotics. However, the value of these oils in poultry production has not yet been well investigated.
This experiment was conducted to determine the effects of the dietary supplementation of essential oil combinations (EOC) derived from herbs growing wild in Turkey on the performance of broilers. One thousand two hundred and fifty sexed day-old broiler chicks obtained from a commercial hatchery were divided into five treatment groups of 250 birds each and randomly assigned to the five treatment diets. Each treatment group was further sub-divided into five replicates of 50 birds (25 male and 25 female) per replicate. In the negative control treatment the birds were fed a standard commercial starter diet from days 1 to 21 and a grower diet from days 22 to 42. An antibiotic or three different levels of an EOC were added to the standard diets to form the other four treatments. The antibiotic and the EOC were mixed in a carrier, which was then added at one kg per ton to the basal diet. In the antibiotic treatment a kg of feed contained 10 mg of the antibiotic, avilamycin. For the EOC treatments, 24, 48 or 72 mg of a commercial EOC (Herbromix) were added per kg of feed. The EOC contained six different essential oils, derived from selected herbs growing wild in Turkey, viz. oregano oil (Origanum sp.), laurel leaf oil (Laurus nobilis L.), sage leaf oil (Salvia triloba L.), myrtle leaf oil (Myrtus communis), fennel seeds oil (Foeniculum vulgare) and citrus peel oil (Citrus sp.). Hydrodistillation was used to extract the essential oils.
Materials and Methods
The ingredient and chemical composition of the diets are presented in Table 1 . The diets were isoenergetic and isonitrogenous. The experimental diet in mash form and water were provided ad libitum for the duration of the trial. The birds were kept in 25 pens (3 x 1.7 m) in an open-sided naturally ventilated broiler house containing wood shavings as litter material. Bird density was 10 chicks per square meter. A photoperiod of 24 h/d was maintained. The body weights of the birds were measured individually and feed intakes per pen were recorded. Feed conversions were calculated at the end of the 21-and the 42-day experimental periods. Mortality was recorded daily and used to adjust the total number of birds to determine the total feed intake per bird. At 42 days, 12 male and 12 female birds of similar body weight were selected from each treatment group, weighed and killed by CO 2 asphyxiation to determine carcass yields.
The standard techniques of the Proximate analysis were used to determine the nutrient concentrations in the diets (Naumann & Bassler, 1993) . The experimental diets were analysed also for starch, sugar, total calcium and phosphorus, according to VDLUFA method (Naumann & Bassler, 1993 ). Metabolisable energy content of the diets was calculated based on chemical composition (Anonymous, 1991) . The data were analysed using the General Linear Models procedure of SAS (1985) . Significant differences between treatment means were separated using the Duncan's multiple range test with a 5% probability. Table 2 The effect of the inclusion of an essential oil combination (EOC) or an antibiotic (avilamycin) on feed intake (as fed) and the feed conversion ratio (g feed/g gain) of broilers up to the age of 42 days The effects of dietary EOC and the antibiotic on the feed intake and feed conversion ratio on days 21 and 42 of the experiment are presented in Table 2 . From 1 to 21 days of age, feed intakes differed (P < 0.01) between treatments. The intake of the birds fed the diet containing the antibiotic was the highest and those
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The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science, 2003, 33 (2) © South African Society for Animal Science 92 consuming the diet containing 72 mg EOC/kg the lowest. However, there were no differences (P > 0.05) in intake between the treatments over the 42 day period. From days 1 to 21 and 1 to 42 feed conversion ratios were significantly improved by the supplementation of the EOC at levels of 48 and 72 mg/kg diet. At day 42, supplementation of 48 mg EOC/kg improved feed conversion ratio by 12.3% compared to the negative control. However, the feed conversion ratios were similar over the 42-day experimental period for the birds receiving the control diet and the diets containing the antibiotic and the 24 mg EOC/kg.
The effects of supplementing the EOC and the antibiotic on body weight, carcass yield and mortality up to the 21st and 42nd days of the experiment are presented in Table 3 . There were significant effects of dietary treatments on body weights at 21 and 42 days and carcass yield at 42 days. Birds receiving the diets containing 24, 48 and 72 mg EOC/kg had significantly higher body weights at day 21 compared to those fed the control and the diet containing the antibiotic. At 42 days of age, body weights differed (P < 0.01) between treatments. The birds consuming the diet containing 48 mg EOC/kg feed had on average a higher body weight (13.7%) than those on the control diet. At day 42 there were no differences (P > 0.05) between body weights of birds receiving the diet containing 24 mg EOC/kg and the negative control. The body weights of birds fed the diets containing 24 and 72 mg EOC/kg were lower (P < 0.01) than those of the birds on the diet containing 48 mg EOC/kg. Carcass yields differed (P < 0.01) between the treatments at day 42. The birds consuming the diet containing 48 mg EOC/kg had a higher carcass yield (3.3%) than the negative control. Significant differences were also found between 48 mg EOC/kg and the other dietary treatments. Mortality was not significantly different between treatments. The significant improved body weights and feed conversion ratios of birds fed the diets containing 48 mg EOC/kg in this study agreed with results reported by Basset (2000) . He observed that the supplementation of oregano essential oil through the drinking water (150 mL/1000 L) increased the body weight (4%) and feed conversion ratio (4%) of birds and reduced the period to slaughter by one day. Similarly, an improved performance in broilers was reported by Ather (2000) when using a poly herbal premix and liquid which contained five herbs. In agreement with these results, Hertrampf (2001) noted that by the age of three weeks the addition of essential oil isolated from oregano to the drinking water (300 mL/1000 L) improved the feed conversion ratio of broilers by 12.9%. In another trial there were no differences in feed utilization between birds receiving the antibiotic, salinomycin, and those receiving an essential oil preparation (Hertrampf, 2001) . However, more results are needed to clarify whether essential oils can match the effects of antibiotics as feed additives in broiler diets. The improved feed utilization with 48 mg EOC/kg in our study could be due to a stimulating effect of essential oils on the digestion process, as reported by Langhout (2000) and Williams & Losa (2001) . In contrast to our results, Botsoglou et al. (2002) reported that the supplementation of essential oil (50 and 100 mg oregano oil/kg) to broiler diet had no
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html South African Journal of Animal Science, 2003, 33 (2) © South African Society for Animal Science 93 beneficial effect on broiler performance. Unfortunately, reports on the value of essential oils in broiler production are limited, though a number of studies did report the beneficial effects of essential oils as growth promoters in pigs (Tsinas et al., 1998) . However, because of the banning of certain performance enhancing antibiotics in the EU, poultry producers are focusing on the potential of natural animal feed additives such as essential oils and combinations of these oils.
Conclusions
This study showed that the inclusion of 48 mg EOC/kg broiler diet significantly improved the body weight, feed conversion ratio and carcass yield of broilers after a growing period of 42 days. The supplementation of EOC in excess of 48 mg/kg had no additional beneficial effect on these production traits. The EOC could be considered as a potential growth promoter for broilers, because it meets the needs of producers for increased broiler performance and the consumers' demands that broiler production is conducted under environmentally friendly conditions. The EOC can be used cost effectively when comparing it costs with those of antibiotics and other commercially available products on the market. However, further and more complete evaluations are required to establish the effect of EOC in diets on the performance of broilers.
